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Abstract
Background: South Africa is one of the major users of pesticides on the African continent. The
Eastern Cape is the second largest province in South Africa. There has been growing concern about
the occurrence of certain birth defects which seemed to have increased in the past few years. In
this paper we investigate associations between exposure to agricultural chemicals and certain birth
defects. Few such studies have been undertaken in the developing world previously.
Methods: Between September 2000 and March 2001 a case – control study was conducted among
rural women in the area of the Eastern cape to investigate the association between women's
exposure to pesticides and the occurrence of birth defects. Information on birth defects was
obtained from the register of the Paediatrics Department at the Cecilia Makiwane Hospital in
Mdantsane, one of the largest referral hospitals in the province. The cases were children who were
diagnosed with selected birth defects. The controls were children born in the same areas as the
cases. Exposure information on the mothers was obtained by interview concerning from their
activities in gardens and fields. Data were analysed using conditional logistic regression.
Results: A total of 89 case mothers and 178 control mothers was interviewed. Babies with birth
defects were seven times more likely to be born to women exposed to chemicals used in gardens
and fields compared to no reported exposure (Odds Ratio 7.18, 95% CI 3.99, 13.25); and were
almost twice as likely to be born to women who were involved in dipping livestock used to prevent
ticks (OR 1.92, 95% CI 1.15, 3.14). They were also 6.5 times more likely to be born to women who
were using plastic containers for fetching water (OR 6.5, 95% CI 2.2, 27.9). Some of these
containers had previously contained pesticides (OR 1.87, 95% CI 1.06, 3.31).
Conclusions: These findings suggest a link between exposure to pesticides and certain birth
defects among the children of rural South African women who work on the land. Education
programmes for women alerting them to the dangers to their babies from the use of pesticides and
alternative farming methods and elimination of the reuse of pesticide containers are indicated as
preventive measures.
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Background
South Africa is one of the major users of pesticides on the
African continent. However, detailed information on the
types of pesticides used is not available. About a fifth of
South Africa's arable land is used for agriculture, with
approximately a tenth of the economically active popula-
tion being employed in the agricultural sector. Agriculture
is one of the most important income generating activities
and the fifth biggest employer in the country [1].
The Eastern Cape is the second largest province in South
Africa, covering an area of 169 580 square kilometres.
Commercial farming is characterised by use of agricultural
machinery and consequent decreased manpower require-
ments. With technology, pest and weed control with
chemical spraying techniques has been used extensively.
The majority of the commercial farm workers are men. By
contrast, women dominate the subsistence farming and
vegetable gardening sector. Most sprayers on commercial
farms have some informal education in the use of pesti-
cides, but the predominantly female subsistence farmers
are often poorly educated, with little or no awareness
about the safe use of pesticides.
There is growing concern that the occurrence of certain
birth defects has been increasing in the Eastern Cape prov-
ince. From January to March 2000, a pilot study was con-
ducted in a rural farming area of the Eastern Cape to
examine whether there was an association between pesti-
cide exposure and adverse health effects (Heeren GA: Pes-
ticide exposure and adverse health impact in the Eastern
Cape. A Pilot study around East London. Presented at the
National Environmental Health Conference Durban
August 2000. Unpublished paper). The results of the
study suggested that there are adverse health problems as
a result of exposure to pesticides. This paper reports the
results of a more detailed subsequent study on the associ-
ation of birth defects to agricultural exposure. During the
time September 2000 till March 2001, a case-control
study interviewing the mothers of 89 cases and 178 con-
trols (Ratio 1:2) was conducted in the area
Methods
Setting
South Africa shares borders with Namibia, Botswana,
Zimbabwe, Swaziland, Mozambique and is surrounded
on two sides by the Atlantic and the Indian Oceans. The
country is divided into nine provinces, of which the East-
ern Cape, is at the southern tip of South Africa alongside
the Indian Ocean. Since the 1994 election, the former
"homeland" governments of Transkei, Ciskei, and parts of
Bophutatswana have been incorporated into the Eastern
Cape. It is not only the second largest province, but also
one of the poorest. The languages spoken in the Eastern
Cape area include Sotho, Afrikaans, Xhosa and English,
but the language spoken in the study area was Xhosa. The
study area is very rural and all women interviewed were
black.
There are few places of paid employment such as shops,
schools and clinics. The women stay "at home" and
attempt to generate income from their food gardens and
fields. The average monthly income in the study popula-
tion was R500–R1000 (exchange rate at time of study,
Rand : US dollar 8.7 : 1), while a teacher earns R 4000.
Many women depend on gardening and fieldwork to con-
tribute towards the income of the family. More than 82%
of the women fetch water from outside their homes-, from
a communal tap, river or dam. About 40% use wood
(which they have to collect) as their fuel for daily cooking.
Selecting the Study Areas
Data from the records at Cecilia Makiwane Hospital, a
large referral hospital, for the years 1998, 1999 and 2000
were reviewed with regard to selected birth defects treated
in the hospital. There appeared to be an increase in the
annual number of birth defects treated at the hospital dur-
ing these years, and after mapping, the areas with the
highest numbers of cases were chosen for the study.
Definition of cases
Cases were chosen from the Hospital register of the
Department of Paediatrics on the basis of ICD 9 codes for
birth defects (Table 1). These categories of defects are sus-
pected to be associated with exposure to some pesticides
[2]. For the initial analyses of the data, all birth defects
mentioned in Table 1 were considered. However, not all
mothers of these cases could be interviewed due to the dis-
tance and difficulties of reaching the mothers of the cases
in the area.
Definition of controls
The controls were defined as children who were healthy
and without visible malformations, born within the same
birth year as a matched case (plus minus 1 year) and in the
same area as the cases. For each case, two controls were
chosen. These controls were identified by clinic nurses
Table 1: ICD 9 Birth defects
ICD – Code Disease
740.0 – 742.9 Nervous system defects
745.0 – 747.9 Cardiovascular defects
749.0 – 749.2 Oral defect
752.6 Epispadia or hypospadias
754.0 – 754.9 Clubfoot
756.9 Musculoskeletal defects
759.7 – 759.9 Unspecified defectsEnvironmental Health: A Global Access Science Source 2003, 2 http://www.ehjournal.net/content/2/1/11
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who assisted with the interviews. The controls were from
the same area as the cases and were similar in socio-eco-
nomic background and environment like access to water,
gardening, animals and other living conditions.
Exposure assessment
A questionnaire was designed and used as the principal
method of data collection for the study. The questionnaire
was pre-tested by the data collectors and within the com-
munity. At each clinic, one nurse was briefed about the
purpose of the study and trained to administer the ques-
tionnaire. The nurses obtained oral consent from each
mother interviewed before administering the
questionnaire. Data collectors were trained in the inter-
pretation of the questions and completion of the ques-
tionnaire. A field guide was also developed and used to
ensure consistency and content validity.
Socio-economic and demographic variables were
obtained for each woman. These included geographical
region, age, education, marital status, number of live
births, income and employment. The women were also
classified according to their use of agricultural chemicals,
whether they kept domestic animals and the type of con-
tainer they used for fetching and storage of water for
household use. Birth defect status was used as the depend-
ent variable.
To assess exposure to pesticides, questions about activities
in and around the house were included in the question-
naire. Most mothers interviewed said they were unem-
ployed, however they contributed to the family income by
working in their own garden and fields, where some of the
women were exposed to pesticides. The South African
winter season is generally not as severe as it is in the
Northern Hemisphere, and agricultural harvests are possi-
ble throughout the year. The livestock, such as cattle, goats
and/or sheep, are regularly dipped as a tick-control meas-
ure, using dips containing flumechin. Dipped animals
were therefore considered another source of exposure to
pesticides. A further source of exposure in the study pop-
ulation was the reuse of plastic containers that had previ-
ously been used for the storage of agricultural chemicals.
These containers were subsequently used for fetching and
storing water.
In the questionnaire, the women were also asked whether
they smoked cigarettes or consumed alcohol, but only one
mother reported smoking and none of the mothers
reported drinking alcohol. These explanatory variables
were thus not considered in the analyses.
Both the cases and the controls were asked the same ques-
tions, and neither the case nor the control mothers were
informed about the study hypothesis. The interviewers
were nurses, who were working in the Clinics and known
in the community in this very rural area where the study
was conducted. These trained interviewers were not blind
to the case status of subjects interviewed.
Statistical Analysis
The statistical analysis was undertaken using Epi-Info 6.4
and SAS 6.10 statistical software packages. The analysis
was carried out according to the type of exposure. Expo-
sure to agricultural chemicals, dipping of animals, and the
use of re-used plastic containers, are the three types of
exposure considered in this study. Chemical exposure was
compared to non-chemical exposure, and animal expo-
sure was compared to non-animal exposure. Water con-
tainers were classified as tap water (no container
necessary), plastic containers and metal containers.
With birth defect as the response variable, conditional
logistic regression of birth defect according to the different
type of exposure, was used as the principal method of
analysis. All statistical significance tests were performed at
the 5% level of significance. Matching was undertaken
with respect to age, occupation, ownership of live stock
(cows/goats/sheep) and location.
Ethics Committee
The Ethics Committee of Fort Hare University approved
this study. The study was also approved by the Ethics
Committee of the Department of Health (Region C) in the
Eastern Cape and by each Clinic committee in the region.
Results
Socio-economic background
Age groups
Ages of mothers in this study ranged from 14 to 51 years,
with mothers in the control group 14 to 48 years, whilst
for the cases they ranged between 18 and 51 years (Table
2). About 7% percent of the women did not know their
date of birth. Therefore, the numbers do not add up to the
total numbers in the study. Of all the women interviewed,
62 % were single mothers and had no knowledge of the
whereabouts of their child's father.
Education and Income
Generally, the mothers of cases were less well-educated
than those of the control group (Table 3). Information on
income was considered unreliable since most of the
mothers were technically unemployed (Table 4). How-
ever, many of the mothers sell products informally at the
market and earn an inconsistent income from this (Table
5).
Water source, transportation and storage
Only 18 % of the mothers have access to tap water inside
the house. The majority of women obtain water outsideEnvironmental Health: A Global Access Science Source 2003, 2 http://www.ehjournal.net/content/2/1/11
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their homes, from communal taps, rivers, dams or rain
tanks. The women who have to fetch water from outside
the house use different types of containers. Metal
containers were used by 12%, while plastic containers
were used by 72% of all women. In 7.5% of the cases,
these plastic containers were reused containers which had
previously contained agricultural chemicals or other kinds
of chemical liquids.
Agricultural chemical exposure analysis
Conditional logistic regression was performed with birth
defect as the response variable, while exposure to agricul-
tural chemicals, keeping of domestic animals, type of
water container, the socio-economic and demographic
variables were used as explanatory variables. The analyses
showed that the risk of birth defects was not significantly
associated with any of the demographic variables. Expo-
sure to agricultural chemicals, to dipping domestic ani-
mals, and use of type of water container had statistically
significant associations with birth defects. These three var-
iables were then analysed separately giving the results
reported below.
Domestic animals
Of the 267 women in the study population, 172 kept
domestic animals. Nearly 60 % of the cases kept animals
while 68 % did so among the controls. Only domestic ani-
mals like cattle, goats and sheep are dipped. Other house-
hold animals are not normally dipped and therefore do
not appear in the analyses. Thus, only cattle, goats and
sheep were considered in further analyses. Information
obtained about the chemical contents of the dip used
showed that it contained flumechin, a pesticide used to
kill ticks and tsetse flies. The risk of birth defect associated
with overall exposure to these domestic animals was
found to be statistically significant with an odds ratio of
1.92, (95% CI, 1.15, 3.14), p = 0.01. Only 36.3 % of these
animals were regularly dipped. About 48.3 % of the cases
dipped animals, compared with 30.3 % of the controls.
Exposure to cattle was found to be significantly associated
with risk of birth defects, while exposure to goats and
sheep was not significant at the 5% level. The results of the
analysis of dipping of animals and birth defects are shown
in Table 6.
Table 2: Age group distribution in Cases and Control mothers
Age groups Cases Controls
Nr % Nr %
14 – 19 9 10.1 15 8.4
20 – 24 16 17.9 46 25.8
25 – 29 17 19.1 42 23.5
30 – 34 22 24.8 34 19.6
35 – 39 6 6.7 27 15.1
40 – 44 7 7.8 9 5.1
45 + 2 2.2 4 2.3
No date of birth 10 11.2 1 0.5
Table 3: Education of the mothers of the Cases and Controls
Education Cases Controls
Nr % Nr %
No schooling 7 7.9 8 4.5
STD 1 – 3 11 12.4 20 11.2
STD 4 – 6 23 25.8 20 11.2
STD 7 – 8 16 18.0 54 30.1
STD 9 up to Matric 21 23.6 63 35.4
Tertiary 6 6.7 10 5.6
Table 4: Employment status of the mothers of the cases and 
controls
Employment status Cases Controls
Nr % Nr %
Formal 11 12.4 32 18.0
Informal/Self-empl 11 12.3 19 10.6
Pension 10 11.2 14 7.9
Unemployed 54 60.7 101 56.7
Other 3 3.4 12 6.7
Table 5: Income of the mothers of cases and control
Income Cases Controls
Nr % Nr %
R 500 78 87.6 142 79.8
R 1000 5 5.6 19 10.7
R 2000 2 2.2 13 7.3
R 3000 + 4 4.5 4 2.2
Table 6: Risk of birth defects in relation to animal exposure.
Animals Odds Ratio 95% CI of OR p-value
Cattle 2.53 1.40 – 4.70 0.0014
Goats 1.18 0.78 – 3.95 0.7650
Sheep 0.74 0.10 – 4.11 0.7180Environmental Health: A Global Access Science Source 2003, 2 http://www.ehjournal.net/content/2/1/11
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Water containers
In the study area only 18 % of households had access to
tap water in the house, all other households having to
fetch water from an outside source, such as a communal
tap, a dam or a river. Therefore three types of container
used for the storage of household water were identified in
this study, namely, tap water (use of tap water within the
house, meaning no container necessary), plastic container
and metal container. As shown in Table 7 the analyses
showed that women who use metal containers compared
with those who used tap water had an increased risk of
having a baby with birth defects which was not statisti-
cally significant. However, the use of plastic container as
compared with tap water or metal container was signifi-
cantly associated with birth defects. Women who used
plastic container were more than six times as likely to have
a baby with a birth defect than were those who used tap
water. In a more detailed analysis of the plastic container,
the containers were divided into two categories: reused
and non-reused (new) container. The reused container
had previously been used to store chemicals whereas the
non-reused (new) container had never been used to store
chemicals. It was found that the odds of having babies
born with birth defects were 1.87 times higher with reused
container compared with non – reused (new) container.
Agricultural chemicals
Most of the mothers were involved in vegetable gardening
and subsistence farming, although on a small scale. Of the
cases, 80 %, and 74 % of controls were actively involved
in food gardening and farming. The use of agricultural
chemicals (pesticides), was reported by 60 % of the cases
and 12.4 % of the controls. The most commonly used
agricultural chemicals and soil additives were insecticides,
organophosphates and "Blue death", the latter a mixture
of three different chemicals: carbaryl, carbufuran and
campechlor (toxaphene;campechlor has been banned in
South Africa since 1970, but clearly is still in use, Depart-
ment of Agriculture 1999). The proportion of mothers
using these pesticides is shown in Fig 1.
As shown in Table 8, the use of agricultural chemicals had
a significant association with the occurrence of birth
defects. Women exposed to any agricultural chemical
were more than seven times as likely to have babies born
with a birth defect than were those not exposed to any
chemicals. These chemicals were further analysed and it
was found that, women who used insecticides were at
increased risk, but the increase was not statistically signif-
icant. Use of fertilizers carried no increased risk. The
women exposed to chemicals such as pesticides, "blue
death", and organophosphate were more than six times as
likely to have babies born with birth defects as were those
exposed to no chemicals.
Discussion
Most studies concerning the use of pesticides focus on
people who have been occupationally exposed to pesti-
cides. Occupational exposure is easier to determine
because the type of exposure and the duration of exposure
are more likely to be accurately known. Moreover, studies
on occupational exposures tend to consider male rather
than female exposure [3]. Studies on exposure to
pesticides among females and the adverse effects on
reproductive health are less frequent, but include a few
studies in the late 1960s and some during the 1990s [4–
7] (Garcia AM: Epidemiological evidence of pesticide
exposure and adverse reproductive and developmental
effects in humans. Unpublished papers. 1998, Depart-
ment of Preventive Medicine and Public Health. Faculty of
Social. Sciences University of Valencia Avda. Tarongers s/
n. 46022 Valencia Spain.) Studies have suggested a possi-
ble influence of exposure to pesticides on the risk of
adverse reproductive outcomes. These studies covered
maternal, paternal or both parents' occupational pesticide
exposure, and examined congenital malformation [5–7],
miscarriages [8] and stillborn babies with congenital mal-
formation [9,10].
Table 7: Odds ratios tap water versus water container and reuse 
of plastic container
Container Odds Ratio 95% CI of OR
Tap vs. Plastic 6.53 2.2 – 27.9
Used plastic vs. new plastic * 1.87 1.06 – 3.31
Tap vs. Metal 2.76 0.76 – 13.18
* Used plastic container had previously been used to store chemicals, 
whereas new container not. Tap stands here for the tap in the house, 
not the communal tap.
Table 8: Odds ratios for exposure to agricultural chemicals 
compared non – exposure
Chemical Odds Ratio 95% CI
Chemicals (any) 7.18 3.99 – 13.25
Organophosphate 7.84 5.78 – 12.63
Pesticide 6.00 2.75 – 13.49
Blue death 9.11 4.95 – 17.88
Insecticide 4.11 0.48 – 35.10
Fertilizer 1.03 0.05 – 7.19
Blue death", is a mixture of three different chemicals, carbaryl, 
carbufuran and camphechlor (although campechlor has been banned 
in South Africa since 1970. Department of Agriculture 1999.)Environmental Health: A Global Access Science Source 2003, 2 http://www.ehjournal.net/content/2/1/11
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Most studies of exposure to pesticides have been con-
ducted in the developed world. Only a few studies have
been undertaken in the developing world [11], including
some studies undertaken in South Africa, in the Western
Cape [3,4,12,13]. However, all of these studies have
focused on occupational exposure and mainly on male
workers. A study in Columbia [14], which focused on cou-
ples and included both male and female workers and their
reproductive health, is one of the very few such studies
carried out in a developing country. Studies on agricul-
tural chemical exposure and adverse reproductive out-
comes have mainly been undertaken in the developed
world. [15–20].
Studies in developed countries usually have much more
auspicious study circumstances, such as enrolling married
couples, a high level of knowledge of the kind of pesti-
cides used, information about the duration of the expo-
sure, or the use of a prospective research design. Further,
there are frequently data available regarding the father's
activity and whether the father, the mother or both had
been exposed to some kind of chemical and when the
time of the possible exposure occurred. Sometimes there
is exact information about gestation time and time of con-
ception and possible early losses of pregnancies were
recognized.
In comparison, in the rural environment of the develop-
ing world the research conditions are very different. In this
study an attempt has been made to establish an associa-
tion between chemical exposure and birth defect out-
come, without the availability of any of the above-
mentioned advantages. Nearly 62% of the mothers were
single and more than 58% were unemployed. The expo-
sure assessment had to be taken from the women's activi-
ties, such as food gardening, fieldwork and dipping of
livestock. Prior to this study, a pilot-study focusing on pes-
ticide exposure and adverse health impact in the Eastern
Cape showed differences in the behavioural pattern of
those people occupationally exposed to pesticides and
those who used pesticides privately (Heeren GA: Pesticide
exposure and adverse health impact in the Eastern Cape.
A Pilot study around East London. Presented at the
National Environmental Health Conference in Durban
August 2000, Unpublished paper).
In the current study chemical exposure has been linked to
a negative reproductive outcome. The results of this study
Distribution of pesticide use by type of agricultural chemical Figure 1
Distribution of pesticide use by type of agricultural chemical.Environmental Health: A Global Access Science Source 2003, 2 http://www.ehjournal.net/content/2/1/11
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thus confirm the findings of similar studies carried out in
the developed world [5–8,16,18,20].
There remains a need for further studies which are broader
and larger in terms of the number of women in the study
and more variables to better control potential confound-
ing. Such variables could be used in a combination of
analyses of ground water and of food in order to confirm
residues in food. Because the prevention of certain birth
defects is possible, everything should be done to reach this
goal.
Conclusions
The results of the study show that there is a statistically sig-
nificant association between birth defects and the expo-
sure of the mothers to certain types of agricultural
chemicals. There were three types of exposure found to be
significantly associated with birth defects. One kind of
exposure was the use of plastic containers previously used
for the storage of agricultural chemicals but later used for
storing of water for household use. The second kind was
the use of particular garden chemicals. The third kind of
exposure was found to be keeping of cattle which needed
to be dipped. No socio-economic or demographic varia-
bles included in the analysis were significantly associated
with birth defects.
Workers are included in many education programmes on
the use of pesticides, but the women who care for the food
of their families are in most cases not educated in any way
[21]. There is an urgent need for an awareness campaign
with regard to the use of pesticides among the many
women who are not aware of the danger of using chemi-
cals. Education efforts to introduce alternative farming
methods should be encouraged, as this will reduce reli-
ance on chemical products which are not necessary for
successful cultivation [22]. The same applies in respect of
the reused plastic containers for fetching water.
Access to water is a major problem in all rural areas in
Africa. If water needs to be fetched from a communal tap,
rain tank, river or dam, a container is needed. Poor
women use any container available. A possible way of
reducing the problem is to charge a deposit on the
chemical containers, refundable on return. Another sug-
gestion might be that households in rural areas should be
supplied with a water container, which is safe to use for
fetching and storing water.
A national birth register should be established to record
information on the child's date of birth, gestational age,
birthweight and, in case of a defect, the ICD code. In addi-
tion, there should be information on the occupation and
place of residence of both parents, if possible up to three
months prior to conception, as well as other socio-eco-
nomic data. Such a birth registry is essential for research
and prevention efforts.
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